3
possibly mitigating the aberrant functions due to caPCNA. Preliminary work has found that when the membrane penetrating D-Arg 9 (R9) sequence is added to the N-termini of the caPeptide, the peptide is very toxic to breast cancer, lymphoma, pancreatic and neuroblastoma cell lines [21] [Smith et al. in press].
Cisplatin (CDDP) has been used clinically since 1978 for inducing tumor cell death. It is one of the most widely used chemotherapeutic drugs in a large part because of the broad spectrum of cancers that it effectively kills. However, the activity of CDDP is not specific to just tumors, and it also affects normal cells and often results in diverse and dangerous side effects. These side effects include nausea, vomiting, myelosuppression, immunosuppression, renal toxicity, neurotoxicity, cardio toxicity and hearing loss. In addition, tumor resistance to CDDP is a common occurrence and leads to aggressive secondary malignancies. For these reasons, clinical strategies often seek to reduce the dosage of CDDP used to treat patients, commonly by combining a lower dose of CDDP with as many as four other tumor fighting drugs [22] .
In breast cancer, treatment options for many forms have improved in recent years with the advent of endocrine therapy [23] . Blocking cell surface receptors with drugs such as tamoxifen and trastuzumab results in relatively specific growth inhibition of estrogen receptor positive and Her2-amplified breast cancers with fewer side effects than traditional chemotherapy. However, for triple-negative type breast cancers which lack the targeted cell surface receptors, chemotherapy is still the only option for adjuvant therapy [23] [24] [25] . MDA-MB-231 cells are a triple-negative cell line derived from a metastatic adenocarcinoma of the breast. In addition, they are resistant to CDDP [26] . This has lead to their use as a model to study cisplatin resistance in general and, more specifically, cisplatin resistance in triple-negative breast cancers [27] [28] [29] .
In this paper, we placed caPeptide under control of a tetracycline responsive promoter in stably transfected MDA-MB-231 cells. By endogenously expressing the caPeptide in MDA-MB-231 cells, we were able to promote genomic DNA damage and reverse cisplatin resistance.
Results

caPeptide is toxic to breast cancer cell lines
A panel of breast cancer cell lines treated with R9 linked to the N-termini of the caPeptide (R9-cc-caPeptide) or with an R9 linked scrambled version of the caPeptide (R9-cc-scrPeptide) resulted in loss of viability in R9-caPeptide-treated cells beyond that of R9-scrPeptide-treated cells in every breast cancer cell line tested except for the BT474 line (Fig. 1) . The increased loss of viability ranged from 49 ± 1 % in the most sensitive cell line (HCC1428) to 5 ± 7 % in the least sensitive line (BT474). MDA-MB-231 cells were the most sensitive triple-negative breast cancer cell line with an increased loss of viability of 47 ± 2 %. Sensitivity to caPeptide generally trended with cell surface receptor status [30] [31] [32] . Cell lines that were Her2 amplified or the lone EGFR-amplified cell line (MDA-MB-468) were less sensitive to caPeptide treatment with the exception of the UACC-893 cell line. Triple-negative breast cancer cell lines trended toward being more sensitive to caPeptide with the exception of the EGFR-amplified MDA-MB-468 cell line. The resistant BT-474 cell line was the only line positive for all 4 cell surface receptors considered, being amplified for Her2 as well as positive for EGFR, ER and PR.
caPeptide can be endogenously expressed in MDA-MB-231 cells MDA-MB-231 cells constitutively expressing the reverse tetracycline-controlled transactivator protein (rtTA) were stably transfected with pCaPeptide (Fig. 2) . The resulting cell pool was named 231-caPep. Features of pCaPeptide include sequence coding for a caPeptide-nuclear localization signal repeat fusion peptide (caPeptide-3xNLS), followed by sequence for 2a peptide and a mCherry reporter gene; all under transcriptional control of the tetracycline regulated promoter, pTight. The transcript is translated in a single run with the 2a peptide serving to separate equimolar ) and 231-flg-caPeptide cells metabolically labeled with tritiated lysine in the presence and absence of doxycycline were immunoprecipitated with an antibody specific to the flag tag (AntiFlag) and an antibody developed by using the caPeptide sequence as an immunogen (Anti-caPCNA). The samples were separated by gel electrophoresis and visualized by autoradiography product of caPeptide-3xNLS from mCherry. Fluorescent microscopy was used to monitor caPeptide-3 × NLS expression via the mCherry reporter after induction with doxycycline (Dox; Fig. 2c ). Reverse transcription PCR was used to confirm transcription of caPeptide (Fig. 2d) . Two different PCRs were used to amplify the cDNA product of the reverse transcription reaction. One reaction used primers that annealed to the 5′ end and 3′ end of the mCherry sequence in the cDNA template. The product from this reaction was 770 bp reflecting the full length of the mCherry sequence. The other reaction used an upstream primer that annealed to the 5′ end of the caPeptide sequence and the same downstream primer as in the first reaction. The resulting 930 bp sequence reflects the full length of the mCherry plus the caPeptide-3 × NLS and 2a peptide sequence. A small amount of transcriptional "leakage" can be detected in the uninduced sample (Fig. 2d , reaction #2, "-"Dox lane).
Metabolically labeling the stably transfected 231-fcaPep cell line which has a flag-tagged version of the caPeptide construct enabled visualization of the peptide itself. 231-fcaPep cells and an "empty" vector control cell line (231-v.c.) were labeled with tritiated lysine without induction or in conjunction with Dox-induced expression. The lysates were immunoprecipitated with anti-flag M2 affinity beads purchased from Sigma or with anti-caPCNA antibody developed in previous work by using caPeptide as the immunizing peptide (15) . The eluate from immunoprecipitation was separated by SDS-PAGE. The gel was fixed, treated with signal enhancer, dried and exposed to film. Only the Dox-induced samples in both the anti-flag and anti-caPCNA immunoprecipitations presented a signal at the correct size of 9 kd (Fig. 2e) . The 231-caPep cell line was similarly labeled and immunoprecipitated with anti-caPCNA. The peptide expression from this cell line is shown in the top panel of the experiment in Fig. 3a .
caPeptide localizes to nucleus and interacts with POLD3 Nuclear fractionation of Dox-induced and metabolically labeled 231-caPep cells was performed to confirm that the nuclear localization signal fused to caPeptide served the function of routing the peptide to the nucleus. Following fractionation, the cytoplasmic and nuclear fractions were immunoprecipitated using the anti-caPCNA antibody and processed as described above to obtain a signal through autoradiography. As expected, the caPeptide was found to be predominantly in the Dox-induced nuclear fraction with some signal being present in the uninduced nuclear fraction, likely the result of "leaking" expression. Western blot analysis of fractions was used to determine the effectiveness of fractionation. Immunoblotting with anti-GAPDH provided verification of cytoplasmic fractions, and anti-Histone H3 was used to verify nuclear fractions (Fig. 3a) .
As a partial sequence of the IDCL binding region of PCNA, caPeptide can potentially interact with PCNAinteracting proteins that bind the IDCL. In a Biacore assay, caPeptide prevented PCNA binding to the p66 subunit of pol δ (POLD3) [Smith SJ et al., in press]. To test whether caPeptide binds POLD3 within cells, tritiated lysate from uninduced and Dox-induced 231-caPep was immunoprecipitated with antibody against POLD3. After immunoprecipitation, eluates were processed through to obtaining a signal by autoradiography. An immunoprecipitation with anti-caPCNA served as a marker for caPeptide. This procedure resulted in a signal in Dox-induced lysates that comigrated with the caPeptide marker indicating that POLD3 and caPeptide interact with each other (Fig. 3b) . 
Discussion
The discovery of a cancer-associated isoform of PCNA found in cancer cell lines with little expression in non-malignant cell lines provides both a unique marker for the diagnosis of disease and a unique target to attack in cancer cells [13] [14] [15] . Earlier work in our laboratory led to the development of an antibody that could detect caPCNA [15] [Smith SJ et al. in press]. This antibody was raised by using an 8 amino acid peptide fragment from the IDCL (aa118-135). This region is the binding site for many of PCNA's partner proteins including Pol δ, p21, flap endonuclease 1, DNA (cytosine) methyltransferase and DNA ligase1 [1] . The antigenic peptide is homologous to amino acids 126-133 of the IDCL and was subsequently named caPeptide. Since the peptide sequence is in a binding domain, caPeptide also has the potential to be used as a competitor for caPCNA binding partners. CaPeptide might be able to interfere with critical caPCNA functions which in turn might lead to the initiation of apoptosis in cancer cells. If the role of caPCNA is similar to PCNA, then it is important in DNA replication and repair and may be involved in the error-prone DNA replication and repair that is often found in cancer cells [16] [17] [18] [19] [20] . In this and other work done in our laboratory, a nonaarginine was linked to caPeptide. The presence of the R9 sequence facilitates the destabilization of the cell membrane and the formation of transient pores through which a R9-peptide is transported into the cell [33] . The results of these experiments showed that treatment with micro-molar levels of R9-cc-caPeptide was cytotoxic to a panel of breast cancer and neuroblastoma cell lines [Smith SJ et al. in press] [21] .
In this study, we placed caPeptide under control of a tetracycline responsive promoter in stably transfected MDA-MB-231 cells. Contrary to the experiments using exogenous caPeptide treatment, which showed striking cell toxicity and death in MDA-MB-231 cells (Fig. 1) , we were unable to cause cell death simply by inducing endogenous caPeptide expression. There was, however, a significant increase in DNA damage as measured by comet assay (Fig. 4) . The number of cells with low levels of DNA damage doubled. In addition, 6 % of the caPeptide expressing cells now had an intermediate level of DNA damage. But, this increase in DNA damage did not correlate with a measurable difference in growth rate, clonogenicity or apoptosis.
Possible explanations for the difference between exogenous and endogenous results are many and could include unequal quantities of peptide present, different target interactions and adaptive response to the peptide. In cells treated exogenously with 20 μM of R9-cc-caPeptide, about 25 ng of peptide was internalized after 24 h (data not shown) and could be detected by Western blotting with the caPCNA antibody. The amount of induced caPeptide in these experiments was apparently much lower as it was not detectable by Western blotting. Metabolically labeling the cells with tritium was necessary to achieve detection.
Besides the difference in effective peptide concentration, localization differences between an exogenously added peptide and a nuclearly expressed peptide could lead to a different set of target interactions. Like the induced peptide, R9-cc-caPeptide predominantly gravitates to the nucleus [21] , but the possibility remains that as it passes from outside the cell to the nucleus, it may have a distinct subset of interactions from those of the induced peptide.
An additional consideration is the problem of "leaky" expression that is inherent to some degree in inducible systems. As a consequence, inducible systems typically measure the difference between a low level of expression ("leaking") and a higher level of induced expression [34] [35] [36] . The selected cells in an inducible system are already tolerant of low levels of expression. This is different than exogenous treatment where no previous exposure has occurred.
Cisplatin resistance is a common problem in the treatment of many forms of cancer [22] . This along with CDDP's many noxious side effects has led to a combinatorial approach in the adjuvant treatment of cancers [22] . MDA-MB-231 cells are a triple-negative breast cancer cell line that is one of the most resistant to CDDP. In a panel of 22 triplenegative breast cell lines, they were one of the 4 most resistant cell lines having an IC50 higher than the highest dosage of 30 μM for 72 h, versus an IC50 of 8 μM for the median cell line and 2 μM for the lowest cell line [26] . In our present study, we find that caPeptide expression reverses cisplatin resistance resulting in a significant reduction in the effective dose needed to kill MDA-MB-231 cells.
Repair of DNA damage caused by CDDP has been reported to involve PCNA [37] [38] [39] [40] . DNA damage was increased in cells expressing caPeptide and treated with CDDP (Fig. 4) . The reversal of CDDP resistance in caPeptide expressing cells was evident by other measures as well. Cell death was seen in growth curves that followed cells for 2 week periods of low CDDP treatment coupled with caPeptide expression (Fig. 5a ). Shorter exposures with higher dosages were also effective. Clonogenicity was decreased with 24 h treatment at increasing CDDP concentrations (Fig. 5b) , and cell cycle analysis detected an increase in apoptosis in caPeptide expressing cells treated overnight with CDDP (Fig. 5c) .
DNA damage resulting from caPeptide treatment was coincident with apoptosis ( Fig. 6) . Gu et al. [21] illustrated that γH2AX levels in irradiated neuroblastoma cells treated with R9-cc-caPeptide remained elevated for at least 48 h compared with cells treated with a control peptide where γH2AX levels reverted to baseline levels. They also showed that the prolonged elevation of γH2AX levels in caPeptide-treated cells correlated with impaired DNA repair by homologous recombination (HR) and a reduction in the recruitment of the HR repair protein Rad51 to sites of DNA damage. The findings of the present study are consistent with a hypothesis that DNA damage normally incurred during replication and cell division is left unrepaired in caPeptide-treated cells leading to elevated levels of γH2AX over the course of the experiment and increasing apoptosis as a result of the unrepaired DNA damage.
In this study, we show that the induced peptide interacts with POLD3 (Fig. 3b) . Interestingly, immunofluorescence studies with the R9-cc-caPeptide showed that while neuroblastoma cells treated with R9-cc-caPeptide experienced a decrease in recruitment of Fen1 and DNA ligase1 to PCNA in replication foci, the association of POLD3 with PCNA in the foci was unaffected [21] . Another study found that in Biacore experiments where PCNA is flowed over POLD3 captured on the surface of the sensor chip, caPeptide is able to inhibit PCNA binding with POLD3 [Smith SJ et al. in press]. Together these results suggest that caPeptide may be able to interfere with POLD3 binding to PCNA but might not be able to dislodge POLD3 that is already bound in complex. This in turn suggests that the caPeptide that is co-immunoprecipitated with POLD3 in this study is associated with POLD3 that is not already in complex with PCNA. As such this may explain why caPeptide's effect in this study seems to be fairly innocuous under normal replication conditions, perhaps merely delaying replication and repair by competing some POLD3 away from the pool available to enter complexes, but accentuated under replication stress provoked by CDDP. For instance, when replication forks encounter a DNA lesion such as a CDDP adduct, translesion synthesis (TLS) is initiated to bypass the lesion and a process of polymerase switching occurs where POLD is temporarily displaced from the replication complex and TLS polymerases are enjoined to carry replication past the lesion [41] [42] [43] [44] . In such a situation, caPeptide's interaction with POLD3 could aggravate the reinsertion of POLD into the replication complex at a time when prolonged replication fork stalling means an increased risk of fork collapse and subsequent apoptosis.
Initial investigations into caPeptide suggest that the study of this peptide and its interactions may lead to a greater understanding of caPCNA, error-prone replication and repair, and cellular acquisition and reversal of drug resistance. In addition, there is the potential for the development of a novel therapeutic treatment of cancer. To that end, future work could entail improving peptide stability, a problem commonly associated with peptide therapy. Alternatively, using caPeptide and its target interactions as the basis for small molecule design could lead to the development of a new therapy. The need for targeted cancer therapies makes caPeptide and caPCNA of great interest for future study.
Methods
Vectors
The pTet-DualOn vector was purchased from Clontech (631112). It constitutively expresses the tetracycline-controlled transcriptional activator, Tet-On Advanced and the green fluorescent reporter ZsGreen1.
The pCaPeptide vector was made through numerous cloning steps. The tetracycline responsive promoter, ptight (Clontech) and mCherry reporter gene were amplified from the vector pTRE-Dual2 (Clontech, PT5038-5). The upstream primer for ptight amplification contained a flanking BglII restriction site; the downstream primer had a HindIII restriction site. The upstream primer for mCherry contained an XbaI restriction site followed by the 2a peptide sequence (from Thosea asigna virus) and finally complementary mCherry sequence. The downstream primer was flanked with another XbaI site. The PCR products were inserted into pcDNA3.1+ (Invitrogen) with the BglII/HindIII digest removing the CMV promoter from the vector. The caPeptide coding sequence followed by 3× repeated nuclear localization signal (from simian virus large T-antigen) was then inserted into the vector. This fragment was made by making two oligomers. The sense oligomer contained an upstream HindIII site followed by caPeptide sequence and the first NLS repeat. The antisense fragment contained the three NLS and an outside XhoI site. The two oligos were annealed, extended, digested and inserted into the HindIII/XhoI site of the vector. Finally, a puromycin resistance gene was inserted in place of the neomycin resistance gene for more flexible selection options.
An additional version of the pCaPeptide (pfCaPeptide) was made containing a 3× flag sequence that is recognized by Sigma's anti-flag M2 affinity beads. The sequence was cloned upstream of the caPeptide sequence to form a flagtagged fusion peptide upon expression in cells. and Gene Pulser apparatus (Bio-Rad, 165-2075) set at 250 mV and 960 uFD. Cells were plated in a 100-mm tissue culture plate with fresh growth media. The cells were allowed to recover and expand and then sorted by flow cytometry for cells expressing the ZsGreen reporter protein. Sorted cells were cultured and re-sorted two more times over a period of 6 weeks. This cell pool was named 231-v.c. The 231-v.c cells were then electroporated with pCaPeptide and pfCaPeptide in the same way as described above. These cells were cultured in DMEM media with 10 % FBS (tested for the absence of tetracyclines) and 1 % Pen/Strep. After recovering, cells were initially selected with 1 μg/ml puromycin (Sigma, P8833). The resulting cell population was tested for inducibility by adding 1 μg/ ml Dox (Clontech, 631311) and observing development of mCherry signal by fluorescent microscopy. Through experience, it was noted that only cells that had low but detectable background expression of mCherry were capable of being induced to higher levels of expression with the addition of Dox. Therefore, flow cytometry was used to sort cells that had both Zsgreen expression and low-level mCherry expression. Puromycin selection pressure was removed, and the cells were sorted two more times over a period of 6 weeks to obtain a stable population of cells. The resulting populations were named 231-caPep and 231-fcaPep.
Reverse transcription PCR 231-caPep cells were seeded in a 60-mm plate at 5 × 10 5 cells per sample and allowed to attach for 5 h. Dox was added to induce sample at a final concentration of 1 μg/ml. Cells were incubated overnight at 37 °C and 5 % CO 2 . The next morning, RNA was prepared using standard protocol for purifying total RNA from animal cells provided with RNeasy Mini kit (Qiagen, 74104). QIAshredder columns (Qiagen, 79654) were used for the homogenization step. Genomic DNA elimination and cDNA synthesis were performed using RT 2 Easy First Strand kit (Qiagen, 330401). The amplification reactions were performed in MJ Mini Thermocycler (Bio-Rad, PTC-1148C) using KAPA HiFi Hotstart (KAPA Biosystems, KK2501). Reaction condition #1 used primers that annealed to the 5′ (5′GTGAGCAAGGGCGAGG AGG-3′) and 3′ (5′GTTCCACGATGGTGTAGTCC-3′) ends of the mcherry sequence in the cDNA template. Reaction condition #2 used primers that annealed to the 5′ end of caPeptide (5′GCGTGCTGCCTGGGCATCC-3′) and the same downstream primer as in reaction #1. Thirty cycles of PCR were performed. Samples were electrophoresed on a 1 % agarose gel and stained with ethidium bromide.
Metabolic labeling 231-caPep and 231-v.c. cells plated to be 80 % confluent on the day of the experiment were washed 3×s with PBS and incubated in depletion media. The depletion media consisted of DMEM lacking lysine (Life Technologies, A14431-01 supplemented with l-glutamine, sodium pyruvate and l-arginine). After 15 min, the depletion media was removed. The cells were then incubated for 5 h in fresh depletion media supplemented with 80 uCi of tritiated lysine (Perkin Elmer, NET376) per plate. The plates were washed with PBS, and lysates were collected in NP-40 buffer (50 mM Tris pH 7.4, 1 % NP-40, 150 mM NaCl, 2 mM EDTA).
Immunoprecipitations and Westerns
Antibodies used in this study included anti-caPCNA as described previously (15) , anti-Flag (Sigma, A2220), anti-POLD3 (BioAcademia, 2A1C11), anti-GAPDH (SCBT, sc-25778) and anti-Histone H3 (Cell Signaling, 9717).
Immunoprecipitations were performed on 2 × 10 6 trichloroacetic acid precipitable counts per minute and 1 ml volume of NP-40 buffer. Antibody in the amount recommended by source was added and incubated overnight at 4 °C with rotation. Twenty microliters of packed Protein G agarose (SCBT, sc-2002) was added to the samples and incubated for another 2 h at 4 °C with rotation. Beads were pelleted and washed 3xs with PBS. After the final wash, sample buffer was added to the beads and the samples were separated by SDS-PAGE. To visualize labeled capeptide, a Tricine SDS-PAGE system was used as described by the American Electrophoresis Society (www.aesociety.org). After electrophoresis, the gel was fixed and treated with Amplify (GE Healthcare, NAMP100) as described by the manufacturer. The gel was then dried and exposed to BioMax MR film (Kodak, 870-1302).
To visualize other proteins, Laemmli SDS-PAGE was used for separation. Proteins were then transferred to nitrocellulose or PVDF. Membranes were blocked with TBS-T (20 mM Tris pH 7.4, 150 mM NaCl, 0.05 % Tween-20) containing 5 % dried milk. Primary antibody incubations were done using the supplier's recommended dilution rate and diluting with either Odyssey blocking buffer (Li-Cor, 927-40000), TBS-T containing 5 % milk or TBS-T containing 5 % BSA. The primary antibody incubations were performed overnight at 4C. Secondary antibody incubations were performed with species-specific antibodies conjugated to fluorescent dyes specific for detection with the Odyssey Infrared Imaging System (Li-Cor) or with secondary antibodies conjugated to horse radish peroxidase for detection by chemiluminescence. Incubations were at room temperature for 1 h. The blots were then washed 3 times for 10 min in TBS-T and imaged by using the Odyssey system or by using ECL Prime detection reagent (GE Healthcare, RPN 2232) and exposing to film.
Nuclear fractionation
Metabolically labeled cells as described above were harvested with trypsin-EDTA and then centrifuged at 500×g for 5 min. Cytoplasmic and nuclear fractions were collected using Subcellular Protein Fractionation Kit (Thermo Scientific, 78840). In brief, the cell pellet was washed with icecold PBS and resuspended in 200 μl of cytoplasmic elution buffer containing protease inhibitors. The suspension was incubated on ice for 10 min with periodic shaking after which the samples were centrifuged for 5 min at 500×g. The supernatant (cytoplasmic extract) was collected, and the pellet was resuspended in 200 μl of membrane extraction buffer with protease inhibitors, vortexed for 5 s and incubated on ice for 10 min. After incubating, the samples were centrifuged at 3,000×g for 5 min. The supernatant was discarded, and the pellet was resuspended in 100 μl of nuclear extraction buffer containing 5 mM CaCl 2 and 300 units of micrococcal nuclease. The samples were vortexed on the highest setting for 15 s and incubated for 15 min at room temperature with periodic shaking. After incubation, the samples were vortexed for another 15 s and centrifuged at 13,500×g for 5 min. The supernatant (nuclear extract) was collected.
Comet assay 231-caPep cells were seeded in a 24-well plate at 5 × 10 4 cells per sample. After attachment, the cells were either left untreated, treated for 24 h with 1 μg/ml Dox, treated for 24 h with 5 μM CDDP (Sigma, P4394), or treated for 24 h with both 1 μg/ml Dox and 5 μM CDDP. After treatment, the cells were trypsinized and assayed under alkaline conditions using the CometAssay kit (Trevigen, 4250-050-K) and following Trevigen's protocol. The samples were stained with SYBR Green (Trevigen, 4250-050-05) and visualized by fluorescent microscopy. DNA damage to individual cells was categorized as having no damage, low damage, medium damage or high damage. Sixty to 130 cells for each sample condition were scored, and the assay was repeated three times.
Growth curves
231-caPep cells were plated at 1 × 10 5 cells per 5 ml in 60-mm dishes and allowed to attach overnight. Samples were plated in triplicate for each condition and time point. The next day (Day 1), samples were treated with 2, 3.5 or 5 μM CDDP, and half of the samples were treated with 1 μg/ml Dox. Dox was replenished every other day, and CDDP and media were changed every fourth day. Samples were collected and cells counted on days 1, 5, 9 and 13.
Clonogenic assay 231-caPep cells were treated with or without 1 μg/ml Dox and 0, 10, 20, 30, 45 and 60 μM CDDP for 24 h. After treatment, cells were trypsinized and counted. One thousand cells of each condition were plated in triplicate in 100-mm dishes. Dox continued to be added to Dox-treated samples at a rate of 1 μg/ml every other day. Colonies were allowed to grow for 5 days at which point plates were stained with 0.5 % methylene blue in 50 % ethanol. Colonies were counted for each condition.
Cell cycle analysis 231-caPep and 231-v.c. cells were seeded at 1 × 10 6 cells per 10 cm plate and allowed to attach for 5 h. The cells were then treated overnight with 10 μM CDDP and 1 μg/ ml Dox. Cells were trypsinized and washed 2 times with ice-cold PBS without Ca +2 or Mg +2 (PBS) and centrifuged at 200×g for 5 min at 4 °C. After washing, the cell pellets were resuspended by slow addition of 100 % ethanol (stored at −20 °C) and constant vortexing. The cell suspensions were stored at −20 °C overnight. The next morning, the cells were pelleted by centrifuging at 200×g for 10 min at 4 °C. The supernatant was removed, and the cell pellets were washed 2 times with PBS and centrifugation at 200×g for 10 min at 4 °C. The resulting cell pellets were resuspended in 400 μl of 0.1 % Triton X-100 (Fisher Scientific, BP151), 20 μg/ml propidium iodide (Sigma, P4170) and .2 mg/ml DNAse-free RNAse (Roche, 11119915001). The cell suspension was incubated at room temperature for 1 h. The stained cells were analyzed by flow cytometry. ModFit LT v.3.2.1 (Verity Software House) was used to fit data to cell cycle model. Immunofluorescent DNA damage and apoptosis assay MDA-MB-231 cells were plated at 4 × 10 5 cells per 6-cm plate and allowed to attach overnight. The following day, the cells for the "0" time point were collected, fixed, permeabilized and frozen in FBS with 10 % DMSO as per protocol described in Apoptosis, DNA Damage and Cell Proliferation Kit (BD Biosciences, 562253). Also on this day, 75 μM of R9-cc-caPeptide in normal growth media was added to remaining plates of cells. These cells were collected at 12, 24, 48 and 72 h after addition of R9-cc-caPeptide. Upon collection, the cells were fixed, permeabilized, and frozen in same manner as the "0" time point. On the day of analysis, the cells were thawed and re-fixed/permeabilized and stained with fluorescent antibodies, Alexa Fluor 647 Mouse Anti-H2AX (pS139) (BD Biosciences, 51-9007683) and PE Mouse AntiCleaved PARP (Asp214) (BD Biosciences, 51-9007684). The cells were washed and analyzed by flow cytometry. All incubations and washes were done as described in the protocol of the Apoptosis, DNA Damage and Cell Proliferation Kit.
